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Abstract 
This thesis is the last stage of a very interesting Postgraduate about Energy 
Systems of the International Hellenic University. Its purpose is the implementation of a 
very useful tool, the Cost-Benefit Analysis of the use of renewable energy. 
The issue of energy and finding credible, economic and sustainable energy 
sources is a point of debate in recent years throughout the world and particularly in 
Europe, which is the spearhead in issues relevant to energy management and 
environmental protection. In this direction, the European institutions have adopted a 
multitude of legislative provisions and directives, observing the negative trends that 
indicators have, such as CO2 emissions in the atmosphere, the stocks of conventional 
energy sources, etc. The greater penetration of renewable energy sources is a challenge 
of the time so as to reverse the negative climate in the sectors of energy and 
environment. 
It is however questionable whether the use of renewable energy sources is 
beneficial to society, both economically and socio-politically. The question will attempt 
to be answered in this thesis, making the necessary calculations. 
At this point, I would like to thank Mr. Zachariadis for the very significant 
contribution to the preparation of this thesis as well as for the guidance and 
encouragement during the whole period of the process. 
I would also like to thank all teachers and academic advisors of the University 
that in these two years of the Master inspirit, support and broaden my horizons and with 
their aim I manage to overcome all my difficulties and concerns that I had from the 
beginning of the course. 
 
Katselas Georgios 
11/12/2015 
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1 Introduction 
With this thesis, an effort has been made to be investigated whether the 
penetration of Renewable Energy Sources (R.E.S.) can be useful in society generally. 
For this purpose, data was collected from organizations and companies as well as 
estimates and projections counted and with this aid it was attempted to determine the 
probable usefulness of R.E.S. in Greece. 
In Chapter 2, an overview of the European policies on energy will be occurred 
and a reference to the targets set by Europe and particularly by Greece, which has 
special needs and targets. 
In Chapter 3, a theoretical background of the Cost-Benefit Analysis will be 
presented, so the implementation of the analysis for the Renewables Energy Resources 
of Greece that will follow will be possible to be understood. 
In Chapter 4, the Renewable Energy Resources that are currently used in Greece 
will be presented in detail and a calculation of the costs of each one of them will be 
estimated. 
In Chapter 5, the costs and the externalities of the electricity generation from 
conventional and renewable fuels are presented. 
In Chapter 6, the Cost-Benefit Analysis is implemented using all the data from 
the previous chapters, considering the fact that some elements may change in the future. 
Finally, Chapter 7 has the conclusions of the thesis and simultaneously 
incentives for future study are being set there. 
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2 Renewables Policy 
In this paragraph an overview of the European policies on energy will be 
occurred and a reference to the targets set by Europe for the use of electricity will be 
made. Greece has its own targets, which fall within the general European framework 
and which take account of national characteristics of the local economy. 
2.1 International and National Policy Background 
In early 2007 the European institutions with the guidance and encouragement of 
European leaders reached a historic agreement on the energy and the environmental 
future of Europe. Following the establishment of the Green Paper (March 2006), which 
was the basis for the design of European energy policy and repositioned the energy at 
the heart of European action, a comprehensive action plan for the energy sector was 
signed, initially for the period 2007 to 2009, but essentially setting targets to be 
achieved over the coming decades [1]. Energy policy is essentially based on three 
pillars, sustainability, security of supply and competitiveness [2]. 
Sustainability - the economic growth that is planned and implemented taking 
into account the environmental protection. The European trend until the conclusion of 
the energy policy was the increase of CO2 emissions by 5% by 2030 and global 
emissions by 55%. So it was decided that this trend must be reversed by setting the 20-
20-20 targets by 2030, goals which will be presented below.  
Security of Supply - Europe needs to ensure a wider network of suppliers and 
simultaneously more autonomy. Increased energy demand is leading to increasing 
imports, especially oil and natural gas, while the international scene is volatile and 
unstable and sufficiently relations and mechanisms of international cooperation in the 
event of an energy crisis don’t have been developed. Because of these, there is always 
the possibility of insufficient supply which would cause tragic economic and social 
consequences. 
Competitiveness - immediate priority is the liberalization of electricity and the 
separation of production and distribution of electricity and natural gas. An appropriate 
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institutional framework must be created in order to achieve better values for energy use, 
energy conservation and to increase energy investments. 
2.2 E.U. Targets 
As mentioned before, the European Commission took important decisions in 
spring 2008, considering the environmental and economic consequences of irrational 
use of energy. Scientific research has shown that the average of the global temperature 
has already increased by 0,8°C in relation to the pre-industrial era, so the European 
Council adopted an integrated approach to climate and energy policy aimed at 
combating climate change and increasing E.U. energy security while strengthening its 
competitiveness and its transformation into a highly energy-efficient and low-carbon 
economy. This approach will result to decrease the average global temperature by 2°C 
from pre-industrial levels by 2050.  
The requirements that are adopted by the Heads of State and Government and 
are known as the 20-20-20 targets are: 
 20% (at least) reduction in greenhouse gas emissions below 1990 levels, 
 20% of E.U. energy consumption coming from renewable sources, 
 20% reduction in primary energy use compared with projected levels through 
the improvement of energy efficiency. 
As regards the first target, the European Commission considered that greenhouse 
gas emissions of European countries may be reduced by 30% below the levels of 1990 
thus contributing to global climate change but on condition that other developed 
countries will be associated in this direction. 
To deal with the climate change, the E.U. implements policies that are both 
efficient and fair, allowing the implementation, along with environmental protection, 
optimum benefit in terms of growth and employment. Indeed, the institutional E.U. 
package on climate change and energy stimulates employment in rapidly growing 
sectors of low carbon. 
2.3 Beyond 2020 
At this point, the objectives set by the European Commission over 2020 will be 
shown, which tried to put pursuits at a future date without all data strictly planned. 
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2.3.1 2030 Targets 
Europe, mindful of the need to be more competitive, sustainable and secure in 
energy matters, adopted a renewed framework for energy policy in 2030, with final aim 
the preparing for meeting long-term targets for 2050. 
The goals of these policies are to encourage new investments in transmission 
networks, new pipelines and low carbon technologies and finally to achieve a general 
decarbonization. These goals are defined after detailed econometric analysis and 
costings for faster and more efficient decarbonization until the 2050. 
The targets for 2030 are basically [3]: 
 a decrease of 40% in greenhouse gas emissions compared to the respective 1990, 
 replacing at least 27% of energy consumption from renewable energy sources, 
 reducing energy consumption by 27%. 
Basically the costs of meeting these targets are not greater than the renewal of 
the existing outdated energy system of Europe, so the attention is directed to low-carbon 
technologies, rather than searching for fuel sources. 
A revised concept for the use of energy is required for the achievement of the 
above targets and adopting measures that will help in this direction. So, the European 
Commission proposed: 
 a modified E.U. Emissions Trading System (E.T.S.), 
 introducing new indicators for competitiveness and energy security, broadening 
of energy sources supply network as well as developing of intra-Community 
interconnections and cooperation on energy issues, 
 ensuring safer field of investment with transparency and equal conditions for all, 
European coordination and coherence in the policy on energy. In the long run 
this will lead to a single system of energy governance, based on national plans, 
for the satisfaction of three basic pillars for energy. 
2.3.2 2050 Targets 
The applicable European energy policy is not short term but aims at long-term 
future, as new investments of this sector are made for about 20-60 years. So, it’s 
strongly confident that measures for secure, competitive and sustainable energy must be 
made now in order to obtain the desired results by 2050. So, the European Commission 
has set a target to reduce greenhouse gases by 80% to 95% compared with 1990 levels. 
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The achievement of this target will be done by investments aimed at low carbon 
technologies, usage of renewable energy sources, efficient energy and grid 
infrastructure. 
The Energy Roadmap of 2050 for energy [4], as established by the European 
Committee in 2011, summarizes the aims and the proposed policy that will be followed, 
and essentially raises four main routes for the energy system of 2050, which are energy 
efficiency, renewable energy, nuclear energy and carbon capture and storage. 
Obviously, because the future is always uncertain and volatile, the Commission 
combined these routes and created seven possible scenarios for 2050, the analysis of 
which will not be a focus of this thesis. Briefly the seven scenarios are: 
 Reference, 
 Current Policy Initiatives, 
 High Energy Efficiency Diversified supply technologies, 
 High Renewable Energy Sources (R.E.S.), 
 Delayed Carbon Capture and Storage (C.C.S.), 
 Low nuclear. 
The main conclusions of this analysis are that initially the cost of the 
decarbonizing of the energy system is less than that of continuing with already existing 
policies. In addition, increasing the share of renewables and the efficiency of energy are 
very crucial and essential irrespective of the particular energy mix chosen. As regards 
the cost of the required investment is increasing over time. According to the 
International Energy Agency, the investments that will be made after 2020 will cost 4,3 
times more than that will be done before 2020. Besides, aging infrastructure must be 
replaced anyway by new types of low emission technologies now to avoid the extra 
costs and the additional pollution in the coming years. Finally, as mentioned in the 
objectives for 2030, a single European policy should be adopted that will lead through a 
common energy market at reduced costs and safer and sustainable energy, in pursuit 
that energy should be produced where it is cheaper and delivered where it is needed. 
2.4 Greece Overall Target 
The National Action Plan for Renewable Energy Sources prepared in the 
framework of European energy policy in relation to the penetration of renewable 
energy, energy saving and reducing greenhouse gas emissions. Specifically for Greece, 
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the target for greenhouse gas pollutant emissions is the reduction by 4% in the non-
trading relative to 2005 levels, and 18% penetration of R.E.S. in gross final 
consumption. The Greek Government in the context of adopting specific development 
and environmental policies, with the Law 3851/2010 [5], has increased its national 
target participation of R.E.S. in final energy consumption at 20%, which specializes in 
40% contribution of R.E.S. to electricity production, 20% in heating-cooling needs and 
10% in transport [6].  
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3 Review of Cost and Benefit 
Analysis 
In this section a background of the Cost-Benefit Analysis will be presented, so 
the implementation of the analysis for the Renewables Energy Resources of Greece that 
will follow will be possible to be understood. 
3.1 Cost and Benefit Analysis Overview 
The definition of Cost and Benefit Analysis (C.B.A.) is simpler than one might 
assume. It is essentially a tool for comparing benefits and costs of an administrative act 
or a policy applied by the central authority or an investment project, with the aim to 
benefit society as a whole [7]. 
During the implementation of the analysis, the analyzer estimates the overall 
benefits of the project or policy and compares them with the total costs. If the benefits 
are bigger, it means that society as a whole will benefit. Conversely, if the benefits are 
smaller the implementation of the policy or the completion of the investment project 
will harm the society. 
In practice two types of C.B.A. are used, the financial analysis which calculates 
the costs and benefits based on the profit of the private and economic analysis which 
does not aim to compare costs and benefits with eyes turned in the increase of 
investment flows but the overall benefit of society. 
The financial analysis takes into account taxes and subsidies as well as the 
existing financial background (i.e. the existence of borrowing or self-financing), 
something that is not the case for the economic analysis, which may not be interested in 
taxes and subsidies but takes into account possible external effects (e.g. environmental 
issues). Also, the economic analysis is mainly used by organizations or governments for 
the evaluation of subsidies, policy targets or borrowings in sectors of social concern. 
Finally, the economic C.B.A. is usually used when there is the need for the evaluation 
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and comparison of technologies that generate electricity, because these investments are 
usually more long-term than the typical private ones. 
The main differences between economic and financial analyses are presented in 
the table below: 
 
Table 3.1: Comparison of economic and financial analyses [8] 
 Economic Analysis Financial Analysis 
Purpose Efficiency of public investment Efficiency of private investment 
Focus Net returns to society-at-large 
Net returns to private 
group/individual 
Benefits 
Market, non-market goods          
and services, or non-uses 
Market good and services 
Prices 
Market, administered or shadow 
(adjusted or assigned) prices 
Market or administered 
Taxes 
Typically treated as a transfer  
payment  (cost to consumer offset 
by benefit to government);         
may be administrative costs 
Cost to the firm                          
or individual 
Subsidies 
Transfer payment: benefit to     
producers & consumers               
offset by cost to taxpayers 
Revenue to the firm                   
or individual 
Discount 
Rate 
Social Discount Rate                  
(assigned by the agency) 
Private opportunity                 
cost of capital 
Distribution 
of Benefits 
Not a principal concern                 
of CBA, but can be an issue         
for separate analysis 
Not an issue 
 
The aim of the analysis is to investigate the effectiveness of a project or an 
implemented policy. It also provides information about who loses and who wins and 
how the costs are distributed in time. The aim of C.B.A. is to put a monetary value on 
the expected benefits from the project and compare these to the costs which are 
expected to be incurred. 
The C.B.A. method involves six stages of analysis [9]: 
i) Project/policy definition. 
The definition of the project means that the potential winners and losers from 
this project or policy shall be initially investigated as well as the distributed resources to 
be used. Also, a time frame shall be set within which the project will be applied or the 
consequences will be even perceived. Problems arise in the definition of the population, 
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since it is absolutely distinct who benefits and who does not from a project and also the 
time frame definition is problematic, as in the case of waste management of a nuclear 
factory, where the waste have long lifetime. 
ii) Identify physical impacts of the policy/project 
The next stage in a C.B.A. is the recognition of the effects at a project or a 
policy. The consequences may in some cases be accurately calculated but in others 
cases there is substantial uncertainty in determining their value. The problem is 
compounded in environmental issues, for example the assessment of pollution from the 
operation of a new power plant. 
iii) Valuing impacts 
The main characteristic of C.B.A. is a monetary depiction of all relevant effects, 
which are aggregated at the end. The impact assessment shall be based on the marginal 
social cost or benefit and when we say social we mean the evaluation by reference to 
the wider benefit of society as opposed to the financial analysis that evaluations are 
made by reference to the benefit of the undertaking and its shareholders. Most of the 
times the market prices are a good approximation to the marginal values of benefits and 
costs but sometimes market do not exist prices for certain effects and other methods 
should be used for their cost and benefit valuation [10]. 
iv) Discounting of Cost and Benefit Flows 
Applying the analysis, costs and benefits must be calculated in monetary terms, 
as mentioned before, and simultaneously converted into present value terms. The 
rationale for this change is that the amounts which express the benefits and the costs 
have to be comparable regardless of when they were occurred. A common example on 
financial literature is the question if someone should choose one euro now or sometime 
in the future. The correct answer is to choose it now because he can obviously invest it 
in a bank and get 1*(1+i)
t
, where i is the interest rate and t the years of the investment. 
It is logical, therefore, that it is better for someone to benefit from his profits as soon as 
possible and pay the costs as late as possible, because it is assumed that he will be 
economically stronger in the future, but also because he can transfer a part of the cost to 
the next generation. Thus, the costs and benefits in a C.B.A. shall be discounted in time. 
v) Applying the Net Present Value Test 
The main objective of the analysis is essentially, as mentioned above, the 
selection of projects or policies which are efficient on the basis of the use of their 
resources. The predominant criterion is the Net Present Value, which essentially 
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compares the sum of the discounted benefits by the sum of discounted costs of the 
project or policy. If the N.P.V. is positive, it is recommended to approve the project or 
otherwise the project shall be rejected. There are alternative selection criteria, such as 
the Benefit/Cost Ratio and the Internal Rate of Return, depending on the characteristics 
of each case. The details for the decision criteria are referring to paragraph 3.2. 
vi) Sensitivity Analysis 
With the implementation of the analysis data used, which is not always 
accurately measurable, but many times it shall be predicted. Besides, during the analysis 
the used data is distributed in time, so the discounting factor may change. Failure to 
correctly predict some parameters is due to the general uncertainty that applies to 
markets, energy or environment issues. For example, an analysis will take into account 
the future selling price of electricity, the selling price of a fuel, the future production of 
electricity, etc., parameters that can’t be estimated with accuracy. For this reason, after 
the initial analysis, alternative N.P.V.s shall be calculated depending on the number of 
possible scenarios and a distribution of these N.P.V.s shall be manufactured, which will 
be presented and will be appreciated by those responsible for the course of the project. 
3.2 Discounting and Decision Criteria 
There are several decision rules for the evaluation of the profitability of a project 
or a policy. The most well-known are the Net Present Value (N.P.V.) criterion (which is 
the most reliable), the Benefit-Cost Ratio (B.C.R.) and the Internal Rate of Return 
(I.R.R.).  
3.2.1 The Net Present Value (N.P.V.) Criterion 
As mentioned before, the most reliable indicator that an analyst can use is the 
Net Present Value if he wants to measure the social value of a project. Essentially, the 
N.P.V. is the summary of the discounting costs and benefits of the project. A very 
important decision for the estimation of the N.P.V. is the right choice of the discount 
rate that is assumed to be constant over the time [11]. The formula of the N.P.V. is: 
 
    ∑  (     ) 
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where: 
Bt: benefits in year t  
Ct: costs in year t  
T: life of the project 
δt: discount factor 
 
The discount factor gives the exponentially decreasing weight to the benefits and 
costs occurring in the future and is equal to: 
 
δ
   
 
(   ) 
   
where i is the social discount rate.  
 
The rule that is implemented is: 
When the N.P.V.   0, the project is accepted 
When the N.P.V.   0, the project is rejected. 
The rationale of this rule is that the project is rejected if the expected profit from 
the project is lower than the opportunity cost, which is the cost that the investor loses 
because he doesn’t lend his fund to a bank with an interest rate and vice versa [11]. 
If the comparison of two or more projects is required, the project with the largest 
N.P.V. is accepted. We assume of course that in this case there are no restrictions on 
capital [12]. 
3.2.2 The Benefit-Cost Ratio (B.C.R.) Criterion 
Another decision for the acceptation or not a project or a policy is the Benefit-
Cost Ratio, which is estimated by divided the present value of costs with the present 
value of benefits [12]. The specific formula is: 
 
     
   (        )
   (     )
  
∑
  
(   ) 
 
   
∑
  
(   ) 
 
   
   
The rule that is implemented is: 
When the BCR   1, the project is accepted 
When the BCR   1, the project is rejected 
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It is remarkable that in case of verification of the sustainability of more than one  
investment, in the case that there are no capital restrictions, the above rule may lead to 
wrong conclusions in contrast to the criterion of N.P.V. [12]. 
3.2.3 The Internal Rate of Return (I.R.R.) Criterion 
The Internal Rate of Return is essentially the discount rate that the N.P.V. 
becomes equal to zero. 
The rule that is implemented is: 
When the I.R.R.   r, the project is accepted 
When the I.R.R.   r, the project is rejected, 
where r is the interest rate (cost of financing the project). 
The criteria of N.P.V. and I.R.R. lead to the same conclusions, except in the case 
that two or more projects must be compared. In these comparisons, the N.P.V. decision 
rule lead to the right ranking, so it is wise to be chosen according to the rule of the 
I.R.R. [12]. 
3.3 Cost and Benefit Analysis for Renewables 
At this point of the thesis the basic methodology to be followed in the specific 
case of the Cost-Benefit Analysis on Renewable Energy Resources will be presented, as 
well as the important details of externalities of energy sector will be analyzed. 
References to international literature will be done, which includes detailed studies at 
externality issues and data will be used, of which the recalculation is not an object of 
study of this thesis. 
3.3.1 Methodology 
For the right application of the Cost-Benefit Analysis with data of Renewable 
Energy Sources, the formula     ∑   (     )
 
    shall be used, where C and B are 
the relevant costs and benefits that are listed below and which potentially may be 
changed, depending on existing conditions and possible amendments of the data, and 
attempted to be predictable with the Sensitivity Analysis. 
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Table 3.2 Inflows for the Cost-Benefit analysis formula 
Costs Benefits 
Investment cost Avoided cost on capital investment 
Operation and maintenance Avoided Fuel cost 
Integration to the network Avoided Operation and maintenance cost 
Fuel cost Externalities (indirect costs): 
Pollution costs avoided                                   
(Social cost of carbon and other pollutants) Externalities (indirect costs) 
 
3.3.2 Externalities 
Externalities are essentially the hidden benefits or hidden costs incurred in the 
power production and which are not easy to calculate and be incorporated in the price of 
electricity set by the market. Table 3.3 presents the basic category of the externalities in 
the energy sector. Certainly, externalities can be classified further in local, global and 
regional case depending on the scale of the impact on society. It is logical that 
externalities may have positive or negative impact on the society. For example, the 
operation of a power plant has a negative impact on residents' health due to air pollution 
that is occurred. At the same time, the operation of the plant gives economic benefits 
(positive impact) to the local communities by recruiting staff from the surrounding area. 
 
Table 3.3: Classification of Externalities [14] 
Environmental and Human Health Non-Environmental 
Human health (accidents, disease) Subsidies 
Occupational health 
Research and development costs 
Amenity impacts (noise, visual impacts, odor) 
Security and reliability of supply 
Employment 
Ecological impacts (acidification, 
eutrophication, soil quality) 
Climate change (temperature rise, sea level rise, 
precipitation changes, storms) 
Effects on GDP 
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Calculating the true cost of electricity generation is complex and debatable. 
Market prices do not take into account the "real cost" of energy sold because the 
external costs to society are ignored [15]. The following tables summarize the external 
costs of various studies. These studies were performed by National Research Council 
(N.R.C. 2010), European Commission (ExternE, 2005), Rowe et al. (1995) and Lee et 
al. (R.F.F./O.R.N.L. refers to a study conducted jointly by Resources for the Future and 
Oak Ridge National Laboratory, 1995). 
Estimates have differences due to geography or exposed population. All these 
studies and similar literature suggest that power plants can be classified as coal-fired 
power plants are the most harmful, followed by those that use fuel oil and then by those 
of natural gas. This difference could be enhanced by considering the effects of climate 
change. 
 
Table 3.4: Summary of Estimates from Four External Cost Studies in 2015$ [15] 
mills/kWh Coal Peat Oil Gas Nuclear Biomass Hydro PV Wind 
RFF/ORNL 2,5 - 0,38-2,30 0,38 0,58 3,2 - - - 
Rowe et al. 1,4-4,5 - 2,4 0,36 0,20 5,2 - - 0,02 
ExternE 29-220 29-73 44 - 161 14,6-58,7 3,7-10,3 0-73 0-14 8,8 0-3,7 
NRC 2-137 - - 0,1-5,78 - - - - - 
 
Table 3.5: Summary of 63 External Estimates from the literature [16]  
(at the original source, the prices quoted are in US $ 1998, while at the following table 
the values were converted to US $ 2015, for easier comparison with other data) 
Cents/kWh Coal Oil Gas Nuclear Hydro Wind Solar Biomass 
No. estimates 36 20 31 21 16 18 11 22 
Min 0,01 0,04 <0,01 <0,01 0 0 0 0 
Max 98,83 58,28 19,29 94,05 38,33 1,29 3,21 32,24 
Mean 20,75 17,98 6,73 10,39 4,91 0,45 1,22 7.22 
Median 9,31 13,3 7,1 1,18 0,47 0,47 1,11 3,92 
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4 Greece’s Renewable Energy 
Resources 
In this section the Renewable Energy Resources that are currently used in 
Greece will be presented in detail. An estimation of the costs of each one of them will 
be provided. In Greece there are five major types of Renewable Energy Sources being 
used [19]:  
 Wind systems  
 Solar systems (Photovoltaics and Concentrated Solal Power (C.S.P.) plants) 
 Hydroelectric plants  
 Biomass and biogas 
 Geothermy  
4.1 Wind Power 
In Greece, the efforts for the exploitation of wind power for electricity 
production began in the early 80’s by P.P.C. when (particularly in 1982) the first wind 
farm installed in Kythnos and in the mid-1990’s a major boost was given to facilitate 
investments by private individuals. Since then, dozens of wind parks were installed in 
areas such as Andros, Evia, Lemnos, Lesvos, Chios, Samos and Crete. 
In Greece, the development of wind power faces up several problems. Despite a 
significant increase in installed capacity in recent years, it is commonly accepted that 
this increase is very small given the rich wind resources of the country. The full 
exploitation of this potential is currently difficult because of the lack of interconnection 
in the system of the Aegean islands (which are the most profitable areas with average 
wind speed touching the 9 m/sec). Also the seasonality, which is the main feature of 
wind power reduces the availability and increases the production cost per kWh. 
Future prospects for the Greek wind power market are highly promising as the 
construction of wind turbines is being technologically and economically accessible to 
the local metal industry, without additional investment in equipment. At the same time 
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the wind potential, i.e. the average annual wind speed, in many parts of the country is 
extremely high for electricity production, so if it’s properly exploited it can substantially 
contribute to Greek energy balance. In the islands of the Aegean wind potential has an 
average annual price, from 7 to 11 m/s, which exceeds the efficient wind speed range of 
wind turbines, and consequently the electricity demands of these islands. Therefore, 
insular area is ideal for the implementation of wind systems technology. According to 
estimates, there is a possibility for installation and operation of wind power units equal 
to 3.000MW, both to the mainland (for immediate strengthening of the grid) and to the 
islands, with the possibility to cover 25-35% of the country's electricity needs. 
The most favored areas in Greece, in terms of wind energy potential, located in 
the Aegean, mostly in the area of the Cyclades, Crete, Eastern and South Eastern 
Peloponnese, Evia and Eastern Thrace, so the efforts for the development of wind farms 
focused there. In terms of economic conditions, however, the problem of the islands is 
the lack of interconnection with the national grid, so there is absorption of the energy 
produced at the time of low demand, which is before and after the tourist season. 
Finally, there are areas with wind interesting in the hilly coastal area of Western Greece 
and in several mountains. The map below shows the wind potential of Greece, which 
one can see the best available, in terms of wind speed, areas for wind turbines 
installation. 
 
Figure 4.1 Wind potential of Greece [20] 
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The installed capacity of wind power use in Greece in 2015 according to the 
statistics of the Greek operator of electricity market (L.A.G.I.E.) is 1.767 MW for the 
connected grid and 317 MW for the non-connected islands [21]. 
4.2 Solar Power 
The solar power in Greece has enormous perspective to use because of the many 
days of sunshine throughout the year. According to a Greenpeace study the use of solar 
water heaters in Greece is the largest in Europe, together with Cyprus and Germany. 
About 30% of households (1.000.0000 households) use solar water heaters. Regarding 
solar energy to produce direct electricity through photovoltaics until 2006 was not 
utilized enough in our country. The P/V facilities were limited to those of P.P.C. in the 
islands (Kythnos, Antikythera etc.) and in private facilities in remote residences. Such a 
development was clearly disappointing, given our country's exceptional solar potential. 
But in the last years a great change at the sector of P/V technology has been occurred. 
The increase in interest for solar panels and their installed capacity is vertical. 
Specifically in 2010 photovoltaic quadrupled their penetration in the energy system of 
Greece, starting from 55 MW at the end of 2009, and ending at 205.4 MW installed 
capacity at the end of 2010. The current installed capacity for electricity generation 
from photovoltaic panels is 2.092 MW and 375 MW from photovoltaic panels located 
on buildings roofs [21]. 
4.3 Hydroelectric Power 
In Greece, hydroelectric projects have been largely developed, at least for areas 
with high potential. So, P.P.C. has installed hydroelectric power units total 3.052,4 
MW, so the most significant interest and momentum have small hydro projects. 
However, recent legislation allows the private sector to produce electricity and 
seeks to significantly increase the interest of investors in the field of hydropower. Many 
communities and individuals have expressed their interest in the construction and 
operation of small hydropower plants. 
Nevertheless much of the country's hydropower potential remains untapped and 
mainly located in mainland Greece. It has been conservatively estimated that this area 
has 30% of the total workforce of the country. This potential could cover a significant 
proportion of total energy consumption. All rivers of Epirus have their sources on the 
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Pindos mountain. Pindos has significant rainfall and soil, so aquatic resources from 
large differences in height can be exploited and, on the other side, the mountain soil is 
such that it favors the creation of artificial lakes and water reservoirs. 
The overall installed capacity for electricity generation from hydroelectric plants 
for the year of 2013 is 3238 MW and especially from small hydro (<10 MW) is 220 
MW, from large hydro (>10 MW) is 2.319 MW and from mixed plants is 699 MW [22]. 
4.4 Biomass and Biogas 
Biomass in Greece is extremely promising as there is considerable potential and 
is readily available for recovery. Besides, the energy derived from the biomass can 
economically compete with that produced by conventional energy sources. 
Every year around it is possible to exploit 8,000,000 tons of residues from 
agricultural crops (grain, maize, cotton, tobacco, olive pits, etc.) and 3,000,000 tonnes 
of forest logging residues (branches, bark, etc.). In addition, many farmers have 
changed direction in their crops and invest in energy crops, which have the potential to 
surpass the agricultural and forestry residues in quantity. 
In Greece, there are several units of electricity production, which in their 
majority are units in landfills or sewage treatment plants, where biogas is produced by 
anaerobic digestion of the biodegradable fraction of the waste. In these plants, the 
chemical energy is converted into electricity through an internal combustion engine, but 
generally these technologies include gas turbines with simple or combined cycle or 
combined heat and power applications (C.H.P.). For higher yields, it is used a combined 
gas turbine-steam turbine cycle with gasifier biomass (I.G.C.C.) or pyrolysis reactor 
(I.P.C.C.), and biorefineries plants which their finished products (apart from electricity, 
heat and biofuels) are a number of marketable chemicals products so that the 
exploitation of the raw material would  be maximum. 
So, while there are exceptional opportunities of using large quantities of 
biodegradable waste, waste and waste water in Greece, however these quantities usually 
discharged into the environment. 
At the current time, electricity from biomass is produced in a small percentage, 
so tons of available residues remain unexploited. In contrast, biomass dominates the 
field of thermal energy by burning mainly firewood. It is estimated that the total 
installed capacity for electricity produced from biomass and biogas is 49 MW [21]. 
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4.5 Geothermy 
Despite its rich geothermal potential, the use of geothermal resources for power 
purposes is negligible in Greece. Minimum heat applications are limited to using hot 
water. The use of hot water up to 90
o
C occurs mainly in agricultural applications 
(greenhouses, aquaculture, dryers etc.) or spa tourism. 
In Greece, there is geothermal suitable for electricity production and in 
accessible depths in the islands of the Aegean volcanic arc: Milos, Kimolos, Santorini, 
Nisyros and Lesvos, Chios, Samothrace, Alexandroupolis and elsewhere. The islands of 
Milos, Kimolos, Santorini and Nisyros correspond to areas with recent volcanic activity 
and include high enthalpy geothermal fields with temperatures 120-350
o
C and total 
geothermal potential of at least 300 MW, but it remains completely untapped so far. In 
other areas, low-medium temperature geothermal sources have been discovered with 
temperatures 90-120
o
C and power potential of the order of 20-30 MW. 
Geothermal energy, suitable for heating and agricultural applications, is found at 
shallow depths in many regions in the plains of Macedonia and Thrace, but also in the 
neighborhood of each of the 56 hot springs in the country. Low enthalpy geothermal 
fields with temperatures 25-100
o
C exist there, such as Samothrace, Lesvos, Chios, 
Alexandroupolis, Edipsos and Sousaki Corinth (80-100
o
C), New Erasmio, Xanthi, 
Nigrita and Sidirokastro Serres, Lagadas, Nea Apollonia, Thermi Thessaloniki, Nea 
Triglia Halkidiki (30-60
o
C) and more. The corresponding geothermal applications have 
total thermal power only 70 MW, and consist of chiefly spas (45%) and greenhouses 
and ground heating (55%) [24]. 
 
Figure 4.2 Geothermal Map of Greece [25] 
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5 Preparation of the Cost and 
Benefit Analysis 
In this chapter, some useful elements will be provided, which will be used 
unchanged in the analysis that will follow in the next chapter. These data are products 
of personal calculations or taken from Greek and foreign literature, i.e. from studies 
made on similar issues. 
5.1 2020 Scenario 
First of all, let’s present in the following tables the basic scenario about the 
energy mix which is going to be applied in Greece in 2020, according the national plan 
as it is designed from the State, taking into account the Community directives and 
regulations. 
 
Table 5.1: Energy mix in 2020 on the vision of low carbon [26] 
Source 
Expected Installed 
Power (MW) 
Power generation 
(GWh) 
Natural Gas 5.600 22.410 
Lignite 3.000 19.640 
Oil 700 2.920 
Wind 7.300 13.140 
Photovoltaic 900 1.800 
C.S.P. 300 600 
Hydroelectric 3.500 5.250 
Biomass 300 1.200 
Geothermy 300 1.800 
Sum 21.900 68.760 
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Table 5.2: Energy mix in 2020 on the vision of low carbon emissions [27] 
Source 
Current (2015)       
Installed Power 
(MW) 
Expected (2020) 
Installed Power 
(MW) 
Total Increase                 
(MW) 
Power Increase 
per year   
(MW) 
Wind 2.084 7.300 5.216 1.043 
Photovoltaic 2.603 900 0 0 
C.S.P. 230 300 70 14 
Hydroelectric 224 3.500 3.276 655 
Biomass 49 300 251 50 
Geothermy 0 300 300 60 
Sum 5.190 12.600   
 
 
To achieve the change of the energy mix as described in Table 5.2, the 
contribution of renewable energy sources should be increased significantly. So, while in 
2015 the installed capacity of R.E.S. was nearly 5.190 MW, in 2020 the installed 
capacity of R.E.S. should reach 12.600 MW. It is assumed that each year, the installed 
capacity of R.E.S. (per type of technology) should be increased equally. 
Therefore during the period 2016-2020 it is expected to: 
 Increase the installed capacity of wind by 1043 MW/year, 
 Increase the installed capacity of hydroelectric power at 655 MW/year, 
 Increase the installed capacity of biomass at 50 MW/year, 
 Increase the installed capacity of geothermal energy by 60 MW/year, 
 Increase the installed capacity of solar thermal power plants by 14 MW/year. 
 
  -25- 
5.2 Electricity Sales Prices 
By rebalancing of Article 5 of 3851/2010 Greek Law, the prices for the 
electricity produced by a producer or self-producer through a station use R.E.S. and 
absorbed by the system or the grid, are presented at the following table: 
 
Table 5.3: Electricity sales prices [5], [21], [28] 
Source Value (€/MWh) 
Wind 87,85 
Photovoltaic 74,76 
C.S.P. 264,85 
Hydroelectric 87,85 
Biomass 175 
Geothermy 150 
 
At this point, the following assumptions shall be done in order to make the 
correct choice for the selling price: 
 The production of wind power has a capacity greater than 50 KW and takes 
place in terrestrial installation into the grid and not in non-interconnected 
islands, where the price of wind power is increased (99,45 €/MWh), 
 The average annual System Marginal Price for the year 2014 was 57,71 €/MWh, 
so the selling price for the photovoltaics is 1,3 * 57,71 = 74,76 €/MWh, 
 The production of energy utilized in solar thermal power plants is done without 
storage systems, otherwise the selling price is 284,85 €/MWh, 
 The hydraulic energy is produced in small hydroelectric power plants and has an 
installed capacity ≤ 15 MWe, 
 Biomass is exploited by stations with installed capacity > 1 MW and ≤ 5 MW, 
while the respective values for installed capacity ≤ 1 MW and ≥ 5 MW are 200 
€/MWh and 150 €/MWh, 
 The geothermal energy is low temperature, while the high-temperature 
geothermal energy is sold at a price of 99,45 €/MWh. 
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5.3 Costs of the Sources of Renewable Energy 
According to the report on the electricity sector from R.E.S. in the framework of 
the design of the support mechanism, drawn from scientific group of the Ministry of 
Environment and Energy, the investment costs and the operational and maintenance 
costs of the respective units shown in Table 5.4. The following assumptions have been 
made for the appropriate choice of these costs: 
 The typical wind park is in mainland system, 
 The photovoltaic park is on ground and has installed capacity of 2 MWp, 
 The solar thermal station has small installed capacity of about 2 MW, 
 The hydroelectric project is small-scale with low drop height (H<20m), 
 The station of biomass power has installed capacity between 1MW and 5 MW, 
 The station of power generation from geothermal energy uses fields with low 
temperature. 
 
Table 5.4: Costs of the sources of renewable energy [29] 
Source 
Investment Cost 
(€2015/kW) 
Operation and 
Maintenance Cost 
(€2015/kWa) 
Wind 1.310 47 
Photovoltaic 1.750 44 
C.S.P. 3.120 78 
Hydroelectric 2.440 76 
Biomass 2.920 818 
Geothermy 5.840 320 
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5.4 CO2 Emissions Avoidance from Electricity 
Generation by R.E.S. 
Assuming that use of renewable energy sources is going to replace the burning 
of a part of one of the most polluting fossil fuel used by Greece, the lignite, the 
following calculations shall be done: 
 The combustion reaction of carbon and the stoichiometric analysis are the 
following: 
 
C  +  O2  →  CO2 
                                      1 mole                                         1 mole 
                                     12 gr                                            44 gr 
                                     12 kg                                           44 kg 
                                      1 kg                                     ; 44/12 = 3,67 kg 
 
 Because most of the electricity produced in Greece is carried out in the region of 
Ptolemaida, it is  assumed that the lignite, which is going to be replaced, comes 
from this area, so it has the following characteristics [30]: 
 
→ Its content of carbon is 14%, 
→ Its calorific value is 1380 Kcal/kg or 1,605 kWh/kg, 
→ The efficiency of the steam electric unit is 37%. 
 
So, the consumption of the coal is: 
 
Coal consumption = (
 
                         
) = 
 
          
 = 1,684 kg/kWh 
 
and the CO2 emissions are: 
 
CO2 emissions = 1,648 * 0,14 * 3,67 = 0,85 kg/kWh = 850 gr/kWh 
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Table 5.5: Values of avoidance and release gr CO2 
from producing 1 kWh of electricity [27], [30], [34], [35] 
Source 
Avoidance 
(gr/kWh) 
Release 
(gr/kWh) 
Net 
(gr/kWh) 
Wind 850 0 850 
Photovoltaic 850 0 850 
C.P.S. 850 0 850 
Hydroelectric 850 0 850 
Biomass 850 107 743 
Geothermy 850 95 755 
 
5.5 Greenhouse Gas Emissions Allowances 
According to E.U. regulations, the greenhouse gas emission allowances 
allocated to companies that are logged by the system of each country. The permissions 
can be used by enterprises to satisfy the international and domestic requirements for the 
reduction of emissions. From 2013 onwards, these permissions can be purchased or sold 
by the companies themselves in the stock exchanges or directly through trading between 
the same companies. Although the initial estimates for the selling price of permissions 
were high, the current price as developed is now only around 8,5 €/tn, as shown in the 
diagram below. 
 
Figure 5.1: Current price of E.U. Emission Allowances [31] 
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5.6 Externalities of the R.E.S. and of Lignite 
In this thesis, we will use values for external costs caused by renewable energy 
and the use of lignite in public health and the environment from the study ExternE of 
the European Commission. These values are listed in Table 5.6: 
 
Table 5.6: Externalities for the R.E.S. and lignite [32] 
Source 
Value  
(€2015/kWh) 
Lignite 0,082 
Wind 0,003 
Photovoltaic 0,008 
C.S.P. 0 
Hydroelectric 0,013 
Biomass 0 
Geothermy 0 
 
5.7 Lifespan of R.E.S. Investments 
The benefit-cost analysis is implemented for a typical power plant 2MW for 
each R.E.S. The lifespan of investments in RES is presented below: 
 
Table 5.7: Lifespan of R.E.S. investments [33] 
Source 
Value 
 (years) 
Wind 25 
Photovoltaic 25 
C.S.P. 30 
Hydroelectric 40 
Biomass 30 
Geothermy 30 
-30- 
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6 Cost and Benefit Analysis 
As mentioned above, the purpose of this thesis is to investigate the economic 
and social efficiency of Renewable Energy Sources in Greece. To achieve this 
objective, it is necessary to apply the Cost-Benefit Analysis. 
In this analysis, the efficiency of a production unit with an installed capacity of 2 
MW will be studied, using each time different Renewable Energy Source. As it is 
evident, this unit will produce different amounts of power depending on the type of the 
renewable source that it will be used. It is difficult to assume what kind of unit is going 
to be replaced due to the electricity produced by the new plant of 2 MW, however it will 
be considered to decrease the use of the most polluting fossil fuel, namely the lignite. 
Moreover, studies have shown that the stocks of Greek lignite will end in the next 50 
years, therefore, the fuel is going to be replaced in the not too distant future [30]. 
The necessary final estimates will be made in the following paragraphs and also 
data from the preceding chapter 5 will be used. For the purposes of this study, monetary 
amounts converted to 2015 Euro and finally the analysis will take place in 4 different 
discount rates because of the uncertainty and risk of the investment. The tables of the 
C.B.A. for each of the R.E.S. are presented at the Appendix. 
6.1 Cost and Benefit Analysis for Wind 
Based on the energy balance of Greece [21], a power plant from wind energy 
with an installed capacity of 2 MW, annually produces about 3.620 MWh, so the 
revenues from the sale of electricity power are equal to: 87,85 * 3.620 = 318.017 €. 
The revenues from CO2 emissions avoided due to non-combustion of the lignite 
quantity are: 850 * 10
-6
 * 3.620 * 10
3
 * 8,5 = 26.155 €. 
The external costs caused to public health and the environment in general from 
the use of wind energy are equal to: 0,003 * 3.620 * 10
3
 = 10.860 €, while from the use 
of lignite would be: 0,082 * 3.620 * 10
3
 = 296.840 €. 
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6.2 Cost and Benefit Analysis for Photovoltaics 
Based on the energy balance of Greece [21], a power plant with photovoltaics 
with an installed capacity of 2 MW, annually produces about 2.960 MWh, so the 
revenues from the sale of electricity power are equal to: 74,76 * 2.960 = 221.290 €. 
The revenues from CO2 emissions avoided due to non-combustion of the lignite 
quantity are: 850 * 10
-6
 * 2.960 * 10
3
 * 8,5 = 21.386 €. 
The external costs caused to public health and the environment in general from 
the use of photovoltaics are equal to: 0,008 * 2.960 * 10
3
 = 23.680 €, while from the use 
of lignite would be: 0,082 * 2.960 * 10
3
 = 242.720 €. 
6.3 Cost and Benefit Analysis for C.S.P. 
Based on the energy balance of Greece [21], a solar thermal station with an 
installed capacity of 2 MW, annually produces about 4.000 MWh, so the revenues from 
the sale of electricity power are equal to: 264,85 * 4.000 = 1.059.400 €. 
The revenues from CO2 emissions avoided due to non-combustion of the lignite 
quantity are: 850 * 10
-6
 * 4.000 * 10
3
 * 8,5 = 28.900 €. 
The external costs caused to public health and the environment in general from 
the use of lignite would be: 0,082 * 4.000 * 10
3
 = 328.000 €. 
6.4 Cost and Benefit Analysis for Hydroelectric 
Based on the energy balance of Greece [21], a hydroelectric power plant with an 
installed capacity of 2 MW, annually produces about 6.372 MWh, so the revenues from 
the sale of electricity power are equal to: 87,85 * 6.372 = 559.780 €. 
The revenues from CO2 emissions avoided due to non-combustion of the lignite 
quantity are: 850 * 10
-6
 * 6.372 * 10
3
 * 8,5 = 46.038 €. 
The external costs caused to public health and the environment in general from 
the use of hydroelectric energy are equal to: 0,013 * 6.372 * 10
3
 = 82.836 €, while from 
the use of lignite would be: 0,082 * 6.372 * 10
3
 = 522.504 €. 
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6.5 Cost and Benefit Analysis for Biomass 
Based on the energy balance of Greece [21], a biomass power plant with an 
installed capacity of 2 MW, annually produces about 8.808 MWh, so the revenues from 
the sale of electricity power are equal to: 175 * 8.808 = 1.541.400 €. 
The revenues from CO2 emissions avoided due to non-combustion of the lignite 
quantity are: 850 * 10
-6
 * 8.808 * 10
3
 * 8,5 = 63.638 €, while the costs of the energy 
from biomass are equal to: 107 * 10
-6
 * 8.808 * 10
3
 * 8,5 = 8010 €. 
The external costs caused to public health and the environment in general from 
the use of lignite would be: 0,082 * 8.808 * 10
3
 = 722.256 €. 
6.6 Cost and Benefit Analysis for Geothermy 
Based on the energy balance of Greece [21], a geothermal power plant with an 
installed capacity of 2 MW, annually produces about 12.000 MWh, so the revenues 
from the sale of electricity power are equal to: 150 * 12.000 = 1.800.000 €. 
The revenues from CO2 emissions avoided due to non-combustion of the lignite 
quantity are: 850 * 10
-6
 * 12.000 * 10
3
 * 8,5 = 86.700 €, while the costs of geothermal 
energy ere equal to: 95 * 10
-6
 * 12.000 * 10
3
 * 8,5 = 9.690  €. 
The external costs caused to public health and the environment in general from 
the use of lignite would be: 0,082 * 12.000 * 10
3
 = 984.000 €. 
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7 Conclusions 
This study does not attempt to give a complete picture of the costs and benefits 
resulting from the implementation of a general “green growth” program. This requires 
involvement and resources that exceed the possibilities and the purpose of generating 
this report. 
The methodological approach of the study has as its main objective to examine 
whether the implementation of a series of measures to promote R.E.S. is cost-effective, 
in the broadest sense of efficiency at the national economy level, taking into account the 
benefits of reduction of CO2 emissions. In terms of efficiency in the national economy 
level, it is worth noting that reductions in CO2 emissions have significant economic 
benefits for the Greek economy. The benefits of reducing national CO2 emissions might 
not be so important in terms of global climate change, since contribution of Greece to 
the greenhouse effect is low due to the small size of the Greek economy, but they will 
have considerable economic importance, in terms of saving costs, if Greek demand for 
tradable carbon allowances under the E.U. Emissions Trading System are restricted 
because of them. The estimate of the total cost of implementing the measures and the 
annual breakdown is necessary for the understanding of resource needs and for the 
financing and proper costing of the installation and operation of the investments in 
R.E.S. 
A future approach may explore the economic efficiency, taking into account the 
potential benefits that could cause investment associated with R.E.S. in employment in 
the Greek economy, both locally and nationwide. 
Also, another field of possible future analysis is the crisis of efficiency in the use 
of R.E.S. in energy saving issues in buildings or transport. Furthermore, the R.E.S. 
aren’t used worldwide only to generate electricity but also as fuel in transport. 
The main elements from the implementation of the Cost and Benefit Analysis 
are presented at the following table: 
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Table 7.1:  Summary of Results of C.B.A. 
Source Wind P/V C.S.P. Hydro Biomass Geothermy 
Discount 
Rate 
4% 
Net Present 
Value 
6.090.842 2.571.750 16.424.876 13.698.052 6.447.584 28.262.010 
Benefit/Cost 
Ratio 
2,40 1,48 2,82 2,40 1,18 2,22 
 Years of 
Capital 
Repayment 
6 12 6 7 11 6 
Discount 
Rate 
6% 
Net Present 
Value 
4.645.051 1.563.985 12.148.686 9.457.142 4.129.606 20.726.137 
Benefit/Cost 
Ratio 
2,15 1,31 2,43 2,09 1,14 1,99 
 Years of 
Capital 
Repayment 
6 13 6 7 12 7 
Discount 
Rate 
8% 
Net Present 
Value 
3.561.167 808.481 9.083.239 6.667.961 2.467.644 15.322.941 
Benefit/Cost 
Ratio 
1,93 1,17 2,12 1,84 1,10 1,79 
 Years of 
Capital 
Repayment 
6 16 6 7 14 7 
 
As we may see at the table above, all Net Present Values in each of the R.E.S. 
are positive, so we can say with certainty that such investments will be profitable for the 
whole society. Besides, a myth falls, which claims that the efforts towards greener 
approach to energy issues cost a lot and that the easy roadmap is the use of highly 
polluting fossil fuels. 
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The investments of C.S.P., the Hydropower plants and Geothermal stations are 
particularly lucrative. The use of Photovoltaics is almost marginal and the years of 
repayment are high enough, after the reducing value of current price of electricity that 
derived from them. 
 
Table 7.2:  Fuel Cost Savings in 2010 and 2020 [27] 
 
 
 
 
As mentioned previously, because we have no accurate forecast of the system 
load curves, the Cost-Benefit Analysis followed the conservative approach,  that is not 
to take into account the fuel cost savings from the use of R.E.S. From the above tables, 
however, it is obvious that there are positive fuel cost savings from the use of R.E.S., in 
the vast majority of cases, which will increase the efficiency in the economy level, and 
the assessment that the use of R.E.S. is economically beneficial enhances even more. 
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Appendix 
Table A1: Cost and Benefit Analysis for Wind - discount rate 4% 
Year 
Investment 
Cost 
Operation 
and 
Maintenance 
Cost 
R.E.S. 
Externallity 
Sum of 
Costs 
Benefits 
from 
Selling 
Electricity 
Benefits 
from 
Avoidance 
CO2 
Lignite 
Externallity 
Sum of 
Benefits 
Benefits 
minus 
Costs 
Discount 
Factor 
Present 
Value 
0 2.620.000 94.000 10.860 2.742.860 318.017 26.155 296.840 641.012 -2.083.848 1,00 -2.083.848 
1 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,04 515.531 
2 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,08 495.703 
3 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,12 476.637 
4 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,17 458.305 
5 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,22 440.678 
6 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,27 423.729 
7 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,32 407.431 
8 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,37 391.761 
9 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,42 376.693 
10 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,48 362.205 
11 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,54 348.274 
12 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,60 334.879 
13 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,67 321.999 
14 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,73 309.614 
15 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,80 297.706 
16 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,87 286.256 
17 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,95 275.246 
18 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 2,03 264.660 
19 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 2,11 254.480 
20 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 2,19 244.693 
21 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 2,28 235.282 
22 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 2,37 226.232 
23 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 2,46 217.531 
24 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 2,56 209.164 
           
6.090.842 
-44- 
Table A2: Cost and Benefit Analysis for Wind - discount rate 6% 
Year 
Investment 
Cost 
Operation 
and 
Maintenance 
Cost 
R.E.S. 
Externallity 
Sum of 
Costs 
Benefits 
from 
Selling 
Electricity 
Benefits 
from 
Avoidance 
CO2 
Lignite 
Externallity 
Sum of 
Benefits 
Benefits 
minus 
Costs 
Discount 
Factor 
Present 
Value 
0 2.620.000 94.000 10.860 2.742.860 318.017 26.155 296.840 641.012 -2.083.848 1,00 -2.083.848 
1 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,06 505.804 
2 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,12 477.173 
3 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,19 450.164 
4 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,26 424.683 
5 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,34 400.644 
6 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,42 377.966 
7 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,50 356.572 
8 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,59 336.388 
9 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,69 317.348 
10 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,79 299.384 
11 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,90 282.438 
12 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 2,01 266.451 
13 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 2,13 251.369 
14 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 2,26 237.141 
15 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 2,40 223.717 
16 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 2,54 211.054 
17 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 2,69 199.108 
18 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 2,85 187.838 
19 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 3,03 177.205 
20 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 3,21 167.175 
21 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 3,40 157.712 
22 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 3,60 148.785 
23 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 3,82 140.363 
24 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 4,05 132.418 
           
4.645.051 
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Table A3: Cost and Benefit Analysis for Wind - discount rate 8% 
Year 
Investment 
Cost 
Operation 
and 
Maintenance 
Cost 
R.E.S. 
Externallity 
Sum of 
Costs 
Benefits 
from 
Selling 
Electricity 
Benefits 
from 
Avoidance 
CO2 
Lignite 
Externallity 
Sum of 
Benefits 
Benefits 
minus 
Costs 
Discount 
Factor 
Present 
Value 
0 2.620.000 94.000 10.860 2.742.860 318.017 26.155 296.840 641.012 -2.083.848 1,00 -2.083.848 
1 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,08 496.437 
2 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,17 459.664 
3 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,26 425.615 
4 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,36 394.088 
5 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,47 364.896 
6 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,59 337.867 
7 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,71 312.840 
8 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 1,85 289.666 
9 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 2,00 268.209 
10 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 2,16 248.342 
11 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 2,33 229.946 
12 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 2,52 212.913 
13 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 2,72 197.142 
14 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 2,94 182.539 
15 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 3,17 169.017 
16 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 3,43 156.498 
17 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 3,70 144.905 
18 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 4,00 134.172 
19 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 4,32 124.233 
20 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 4,66 115.030 
21 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 5,03 106.510 
22 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 5,44 98.620 
23 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 5,87 91.315 
24 
 
94.000 10.860 104.860 318.017 26.155 296.840 641.012 536.152 6,34 84.551 
           
3.561.167 
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Table A4: Cost and Benefit Analysis for Photovoltaics - discount rate 4% 
Year 
Investment 
Cost 
Operation 
and 
Maintenance 
Cost 
R.E.S. 
Externallity 
Sum of 
Costs 
Benefits 
from 
Selling 
Electricity 
Benefits 
from 
Avoidance 
CO2 
Lignite 
Externallity 
Sum of 
Benefits 
Benefits 
minus 
Costs 
Discount 
Factor 
Present 
Value 
0 3.500.000 88.000 23.680 3.611.680 221.290 21.386 242.720 485.396 -3.126.284 1,00 -3.126.284 
1 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,04 359.342 
2 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,08 345.521 
3 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,12 332.232 
4 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,17 319.454 
5 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,22 307.167 
6 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,27 295.353 
7 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,32 283.993 
8 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,37 273.071 
9 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,42 262.568 
10 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,48 252.469 
11 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,54 242.759 
12 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,60 233.422 
13 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,67 224.444 
14 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,73 215.812 
15 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,80 207.511 
16 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,87 199.530 
17 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,95 191.856 
18 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 2,03 184.477 
19 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 2,11 177.381 
20 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 2,19 170.559 
21 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 2,28 163.999 
22 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 2,37 157.691 
23 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 2,46 151.626 
24 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 2,56 145.795 
           
2.571.750 
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Table A5: Cost and Benefit Analysis for Photovoltaics - discount rate 6% 
Year 
Investment 
Cost 
Operation 
and 
Maintenance 
Cost 
R.E.S. 
Externallity 
Sum of 
Costs 
Benefits 
from 
Selling 
Electricity 
Benefits 
from 
Avoidance 
CO2 
Lignite 
Externallity 
Sum of 
Benefits 
Benefits 
minus 
Costs 
Discount 
Factor 
Present 
Value 
0 3.500.000 88.000 23.680 3.611.680 221.290 21.386 242.720 485.396 -3.126.284 1,00 -3.126.284 
1 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,06 352.562 
2 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,12 332.606 
3 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,19 313.779 
4 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,26 296.018 
5 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,34 279.262 
6 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,42 263.455 
7 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,50 248.542 
8 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,59 234.474 
9 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,69 221.202 
10 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,79 208.681 
11 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,90 196.869 
12 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 2,01 185.725 
13 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 2,13 175.213 
14 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 2,26 165.295 
15 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 2,40 155.939 
16 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 2,54 147.112 
17 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 2,69 138.785 
18 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 2,85 130.929 
19 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 3,03 123.518 
20 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 3,21 116.526 
21 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 3,40 109.931 
22 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 3,60 103.708 
23 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 3,82 97.838 
24 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 4,05 92.300 
           
1.563.985 
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Table A6: Cost and Benefit Analysis for Photovoltaics - discount rate 8% 
Year 
Investment 
Cost 
Operation 
and 
Maintenance 
Cost 
R.E.S. 
Externallity 
Sum of 
Costs 
Benefits 
from 
Selling 
Electricity 
Benefits 
from 
Avoidance 
CO2 
Lignite 
Externallity 
Sum of 
Benefits 
Benefits 
minus 
Costs 
Discount 
Factor 
Present 
Value 
0 3.500.000 88.000 23.6800 3.611.680 221.290 21.386 242.720 485.3960 -3.126.284 1,00 -3.126.284 
1 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,08 346.033 
2 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,17 320.401 
3 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,26 296.668 
4 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,36 274.692 
5 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,47 254.345 
6 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,59 235.504 
7 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,71 218.060 
8 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 1,85 201.907 
9 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 2,00 186.951 
10 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 2,16 173.103 
11 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 2,33 160.280 
12 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 2,52 148.408 
13 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 2,72 137.415 
14 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 2,94 127.236 
15 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 3,17 117.811 
16 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 3,43 109.084 
17 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 3,70 101.004 
18 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 4,00 93.522 
19 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 4,32 86.595 
20 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 4,66 80.180 
21 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 5,03 74.241 
22 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 5,44 68.742 
23 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 5,87 63.650 
24 
 
88.000 23.680 111.680 221.290 21.386 242.720 485.396 373.716 6,34 58.935 
           
808.481 
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Table A7: Cost and Benefit Analysis for C.S.P. - discount rate 4% 
Year 
Investment 
Cost 
Operation 
and Mainte-
nance Cost 
R.E.S. Ex-
ternallity 
Sum of 
Costs 
Benefits 
from Sell-
ing Elec-
tricity 
Benefits 
from 
Avoidance 
CO2 
Lignite 
Externallity 
Sum of 
Benefits 
Benefits 
minus 
Costs 
Discount 
Factor 
Present 
Value 
0 6.240.000 156.000 0 6.396.000 1.059.400 28.900 328.000 1.416.300 -4.979.700 1,00 -4.979.700 
1 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,04 1.211.827 
2 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,08 1.165.218 
3 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,12 1.120.402 
4 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,17 1.077.310 
5 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,22 1.035.875 
6 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,27 996.033 
7 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,32 957.724 
8 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,37 920.889 
9 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,42 885.470 
10 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,48 851.414 
11 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,54 818.667 
12 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,60 787.180 
13 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,67 756.904 
14 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,73 727.792 
15 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,80 699.800 
16 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,87 672.884 
17 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,95 647.004 
18 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 2,03 622.120 
19 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 2,11 598.192 
20 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 2,19 575.184 
21 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 2,28 553.062 
22 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 2,37 531.790 
23 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 2,46 511.337 
24 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 2,56 491.670 
25 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 2,67 472.760 
26 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 2,77 454.577 
27 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 2,88 437.093 
28 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 3,00 420.282 
29 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 3,12 404.117 
           
16.424.876 
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Table A8: Cost and Benefit Analysis for C.S.P. - discount rate 6% 
Year 
Investment 
Cost 
Operation 
and 
Maintenance 
Cost 
R.E.S. 
Externallity 
Sum of 
Costs 
Benefits 
from 
Selling 
Electricity 
Benefits 
from 
Avoidance 
CO2 
Lignite 
Externallity 
Sum of 
Benefits 
Benefits 
minus 
Costs 
Discount 
Factor 
Present 
Value 
0 6.240.000 156.000 0 6.396.000 1.059.400 28.900 328.000 1.416.300 -4.979.700 1,00 -4.979.700 
1 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,06 1.188.962 
2 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,12 1.121.663 
3 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,19 1.058.172 
4 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,26 998.276 
5 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,34 941.769 
6 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,42 888.462 
7 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,50 838.171 
8 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,59 790.728 
9 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,69 745.970 
10 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,79 703.745 
11 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,90 663.910 
12 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 2,01 626.330 
13 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 2,13 590.878 
14 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 2,26 557.432 
15 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 2,40 525.879 
16 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 2,54 496.112 
17 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 2,69 468.031 
18 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 2,85 441.538 
19 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 3,03 416.546 
20 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 3,21 392.967 
21 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 3,40 370.724 
22 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 3,60 349.740 
23 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 3,82 329.943 
24 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 4,05 311.267 
25 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 4,29 293.648 
26 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 4,55 277.027 
27 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 4,82 261.346 
28 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 5,11 246.553 
29 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 5,42 232.597 
           
12.148.686 
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Table A9: Cost and Benefit Analysis for C.S.P. - discount rate 8% 
Year 
Investment 
Cost 
Operation 
and 
Maintenance 
Cost 
R.E.S. 
Externallity 
Sum of 
Costs 
Benefits 
from 
Selling 
Electricity 
Benefits 
from 
Avoidance 
CO2 
Lignite 
Externallity 
Sum of 
Benefits 
Benefits 
minus 
Costs 
Discount 
Factor 
Present 
Value 
0 6.240.000 156.000 0 6.396.000 1.059.400 28.900 328.000 1.416.300 -4.979.700 1,00 -4.979.700 
1 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,08 1.166.944 
2 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,17 1.080.504 
3 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,26 1.000.467 
4 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,36 926.358 
5 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,47 857.739 
6 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,59 794.203 
7 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,71 735.373 
8 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 1,85 680.901 
9 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 2,00 630.464 
10 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 2,16 583.763 
11 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 2,33 540.521 
12 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 2,52 500.482 
13 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 2,72 463.410 
14 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 2,94 429.083 
15 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 3,17 397.299 
16 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 3,43 367.870 
17 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 3,70 340.620 
18 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 4,00 315.389 
19 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 4,32 292.027 
20 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 4,66 270.395 
21 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 5,03 250.366 
22 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 5,44 231.820 
23 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 5,87 214.648 
24 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 6,34 198.748 
25 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 6,85 184.026 
26 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 7,40 170.395 
27 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 7,99 157.773 
28 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 8,63 146.086 
29 
 
156.000 0 156.000 1.059.400 28.900 328.000 1.416.300 1.260.300 9,32 135.265 
           
9.083.239 
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Table A10: Cost and Benefit Analysis for Hydroelectric - discount rate 4% 
Year 
Investment 
Cost 
Operation and 
Maintenance 
Cost 
R.E.S. 
Externallity 
Sum of 
Costs 
Benefits from 
Selling 
Electricity 
Benefits from 
Avoidance 
CO2 
Lignite 
Externallity 
Sum of 
Benefits 
Benefits 
minus 
Costs 
Discount 
Factor 
Present 
Value 
0 4.880.000 152.000 82.836 5.034.836 559.780 46.038 552.504 1.128.322 -3.986.514 1,00 -3.986.514 
1 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,04 859.121 
2 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,08 826.078 
3 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,12 794.306 
4 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,17 763.756 
5 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,22 734.380 
6 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,27 706.135 
7 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,32 678.976 
8 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,37 652.861 
9 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,42 627.751 
10 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,48 603.607 
11 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,54 580.391 
12 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,60 558.069 
13 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,67 536.605 
14 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,73 515.966 
15 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,80 496.121 
16 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,87 477.039 
17 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,95 458.692 
18 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 2,03 441.050 
19 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 2,11 424.086 
20 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 2,19 407.775 
21 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 2,28 392.092 
22 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 2,37 377.011 
23 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 2,46 362.511 
24 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 2,56 348.568 
25 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 2,67 335.162 
26 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 2,77 322.271 
27 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 2,88 309.876 
28 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 3,00 297.957 
29 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 3,12 286.498 
30 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 3,24 275.478 
31 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 3,37 264.883 
32 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 3,51 254.695 
33 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 3,65 244.899 
34 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 3,79 235.480 
35 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 3,95 226.423 
36 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 4,10 217.715 
37 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 4,27 209.341 
38 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 4,44 201.289 
39 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 4,62 193.547 
40 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 4,80 186.103 
           13.698.052 
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Table A11: Cost and Benefit Analysis for Hydroelectric - discount rate 6% 
Year 
Investment 
Cost 
Operation and 
Maintenance 
Cost 
R.E.S. 
Externallity 
Sum of 
Costs 
Benefits from 
Selling 
Electricity 
Benefits from 
Avoidance 
CO2 
Lignite 
Externallity 
Sum of 
Benefits 
Benefits 
minus Costs 
Discount 
Factor 
Present 
Value 
0 4.880.000 152.000 82.836 5.034.836 559.780 46.038 522.504 1.128.322 -3.986.514 1,00 -3.986.514 
1 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,06 842.911 
2 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,12 795.199 
3 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,19 750.188 
4 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,26 707.725 
5 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,34 667.665 
6 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,42 629.872 
7 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,50 594.219 
8 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,59 560.584 
9 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,69 528.853 
10 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,79 498.918 
11 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,90 470.677 
12 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 2,01 444.035 
13 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 2,13 418.901 
14 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 2,26 395.190 
15 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 2,40 372.820 
16 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 2,54 351.717 
17 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 2,69 331.809 
18 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 2,85 313.027 
19 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 3,03 295.309 
20 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 3,21 278.593 
21 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 3,40 262.824 
22 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 3,60 247.947 
23 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 3,82 233.912 
24 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 4,05 220.672 
25 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 4,29 208.181 
26 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 4,55 196.397 
27 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 4,82 185.280 
28 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 5,11 174.793 
29 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 5,42 164.899 
30 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 5,74 155.565 
31 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 6,09 146.759 
32 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 6,45 138.452 
33 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 6,84 130.615 
34 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 7,25 123.222 
35 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 7,69 116.247 
36 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 8,15 109.667 
37 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 8,64 103.460 
38 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 9,15 97.603 
39 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 9,70 92.079 
40 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 10,29 86.867 
           9.457.142 
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Table A12: Cost and Benefit Analysis for Hydroelectric - discount rate 8% 
Year 
Investment 
Cost 
Operation and 
Maintenance 
Cost 
R.E.S. 
Externallity 
Sum of 
Costs 
Benefits from 
Selling 
Electricity 
Benefits from 
Avoidance 
CO2 
Lignite 
Externallity 
Sum of 
Benefits 
Benefits 
minus Costs 
Discount 
Factor 
Present 
Value 
0 4.880.000 152.000 82.836 5.034.836 559.780 46.038 522.504 1.128.322 -3.986.514 1,00 -3.986.514 
1 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,08 827.302 
2 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,17 766.020 
3 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,26 709.278 
4 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,36 656.739 
5 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,47 608.092 
6 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,59 563.048 
7 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,71 521.340 
8 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 1,85 482.723 
9 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 2,00 446.965 
10 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 2,16 413.857 
11 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 2,33 383.201 
12 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 2,52 354.816 
13 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 2,72 328.533 
14 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 2,94 304.197 
15 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 3,17 281.664 
16 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 3,43 260.800 
17 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 3,70 241.482 
18 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 4,00 223.594 
19 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 4,32 207.031 
20 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 4,66 191.696 
21 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 5,03 177.496 
22 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 5,44 164.348 
23 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 5,87 152.174 
24 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 6,34 140.902 
25 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 6,85 130.465 
26 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 7,40 120.801 
27 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 7,99 111.853 
28 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 8,63 103.567 
29 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 9,32 95.896 
30 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 10,06 88.792 
31 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 10,87 82.215 
32 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 11,74 76.125 
33 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 12,68 70.486 
34 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 13,69 65.265 
35 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 14,79 60.431 
36 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 15,97 55.954 
37 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 17,25 51.809 
38 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 18,63 47.972 
39 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 20,12 44.418 
40 
 
152.000 82.836 234.836 559.780 46.038 522.504 1.128.322 893.486 21,72 41.128 
           6.667.961 
 
  -55- 
Table A13: Cost and Benefit Analysis for Biomass - discount rate 4% 
Year 
Investment 
Cost 
Operation 
and 
Maintenance 
Cost 
R.E.S. 
Externallity 
Sum of 
Costs 
Benefits 
from 
Selling 
Electricity 
Benefits 
from 
Avoidance 
CO2 
Lignite 
Externallity 
Sum of 
Benefits 
Benefits 
minus 
Costs 
Discount 
Factor 
Present 
Value 
0 5.840.000 1.636.000 0 7.746.000 1.541.400 55.628 722.256 2.319.284 -5.156.716 1,00 -5.156.716 
1 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,04 657.004 
2 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,08 631.734 
3 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,12 607.437 
4 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,17 584.074 
5 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,22 561.610 
6 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,27 540.009 
7 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,32 519.240 
8 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,37 499.269 
9 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,42 480.066 
10 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,48 461.602 
11 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,54 443.848 
12 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,60 426.777 
13 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,67 410.363 
14 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,73 394.579 
15 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,80 379.403 
16 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,87 364.811 
17 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,95 350.780 
18 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 2,03 337.288 
19 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 2,11 324.316 
20 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 2,19 311.842 
21 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 2,28 299.848 
22 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 2,37 288.315 
23 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 2,46 277.226 
24 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 2,56 266.564 
25 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 2,67 256.311 
26 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 2,77 246.453 
27 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 2,88 236.974 
28 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 3,00 227.860 
29 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 3,12 219.096 
           
6.447.584 
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Table A14: Cost and Benefit Analysis for Biomass - discount rate 6% 
Year 
Investment 
Cost 
Operation 
and 
Maintenance 
Cost 
R.E.S. 
Externallity 
Sum of 
Costs 
Benefits 
from 
Selling 
Electricity 
Benefits 
from 
Avoidance 
CO2 
Lignite 
Externallity 
Sum of 
Benefits 
Benefits 
minus 
Costs 
Discount 
Factor 
Present 
Value 
0 5.840.000 1.636.000 0 7.476.000 1.541.400 55.628 722.256 2.319.284 -5.156.716 1,00 -5.156.716 
1 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,06 644.608 
2 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,12 608.120 
3 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,19 573.698 
4 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,26 541.225 
5 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,34 510.590 
6 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,42 481.688 
7 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,50 454.423 
8 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,59 428.701 
9 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,69 404.435 
10 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,79 381.542 
11 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,90 359.945 
12 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 2,01 339.571 
13 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 2,13 320.350 
14 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 2,26 302.217 
15 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 2,40 285.111 
16 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 2,54 268.972 
17 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 2,69 253.747 
18 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 2,85 239.384 
19 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 3,03 225.834 
20 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 3,21 213.051 
21 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 3,40 200.992 
22 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 3,60 189.615 
23 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 3,82 178.882 
24 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 4,05 168.756 
25 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 4,29 159.204 
26 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 4,55 150.193 
27 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 4,82 141.691 
28 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 5,11 133.671 
29 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 5,42 126.105 
           
4.129.606 
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Table A15: Cost and Benefit Analysis for Biomass - discount rate 8% 
Year 
Investment 
Cost 
Operation 
and 
Maintenance 
Cost 
R.E.S. 
Externallity 
Sum of 
Costs 
Benefits 
from 
Selling 
Electricity 
Benefits 
from 
Avoidance 
CO2 
Lignite 
Externallity 
Sum of 
Benefits 
Benefits 
minus 
Costs 
Discount 
Factor 
Present 
Value 
0 5.840.000 1.636.000 0 7.476.000 1.541.400 55.628 722.256 2.319.284 -5.156.716 1,00 -5.156.716 
1 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,08 632.670 
2 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,17 585.806 
3 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,26 542.413 
4 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,36 502.234 
5 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,47 465.032 
6 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,59 430.585 
7 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,71 398.690 
8 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 1,85 369.157 
9 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 2,00 341.812 
10 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 2,16 316.493 
11 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 2,33 293.049 
12 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 2,52 271.341 
13 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 2,72 251.242 
14 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 2,94 232.632 
15 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 3,17 215.400 
16 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 3,43 199.444 
17 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 3,70 184.670 
18 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 4,00 170.991 
19 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 4,32 158.325 
20 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 4,66 146.597 
21 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 5,03 135.738 
22 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 5,44 125.684 
23 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 5,87 116.374 
24 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 6,34 107.753 
25 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 6,85 99.772 
26 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 7,40 92.381 
27 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 7,99 85.538 
28 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 8,63 79.202 
29 
 
1.636.000 0 1.636.000 1.541.400 55.628 722.256 2.319.284 683.284 5,42 126.105 
           
2.467.644 
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Table A16: Cost and Benefit Analysis for Geothermy - discount rate 4% 
Year 
Investment 
Cost 
Operation 
and 
Maintenance 
Cost 
R.E.S. 
Externallity 
Sum of 
Costs 
Benefits 
from 
Selling 
Electricity 
Benefits 
from 
Avoidance 
CO2 
Lignite 
Externallity 
Sum of 
Benefits 
Benefits 
minus 
Costs 
Discount 
Factor 
Present 
Value 
0 11.680.000 640.000 0 12.320.000 1.800.000 77.010 984.000 2.861.010 -9.458.990 1,00 -9.458.990 
1 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,04 2.135.587 
2 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,08 2.053.449 
3 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,12 1.974.470 
4 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,17 1.898.529 
5 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,22 1.825.508 
6 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,27 1.755.296 
7 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,32 1.687.785 
8 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,37 1.622.870 
9 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,42 1.560.452 
10 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,48 1.500.435 
11 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,54 1.442.726 
12 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,60 1.387.236 
13 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,67 1.333.881 
14 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,73 1.282.578 
15 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,80 1.233.248 
16 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,87 1.185.815 
17 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,95 1.140.207 
18 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 2,03 1.096.353 
19 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 2,11 1.054.186 
20 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 2,19 1.013.640 
21 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 2,28 974.654 
22 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 2,37 937.167 
23 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 2,46 901.122 
24 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 2,56 866.464 
25 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 2,67 833.138 
26 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 2,77 801.094 
27 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 2,88 770.283 
28 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 3,00 740.657 
29 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 3,12 712.170 
           
28.262.010 
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Table A17: Cost and Benefit Analysis for Geothermy - discount rate 6% 
Year 
Investment 
Cost 
Operation 
and 
Maintenance 
Cost 
R.E.S. 
Externallity 
Sum of 
Costs 
Benefits 
from 
Selling 
Electricity 
Benefits 
from 
Avoidance 
CO2 
Lignite 
Externallity 
Sum of 
Benefits 
Benefits 
minus 
Costs 
Discount 
Factor 
Present 
Value 
0 11.680.000 640.000 0 12.320.000 1.800.000 77.010 984.000 2.861.010 -9.458.990 1,00 9.458.990 
1 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,06 2.095.292 
2 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,12 1.976.691 
3 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,19 1.864.803 
4 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,26 1.759.248 
5 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,34 1.659.668 
6 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,42 1.565.724 
7 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,50 1.477.098 
8 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,59 1.393.489 
9 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,69 1.314.612 
10 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,79 1.240.200 
11 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,90 1.170.000 
12 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 2,01 1.103.774 
13 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 2,13 1.041.296 
14 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 2,26 982.355 
15 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 2,40 926.750 
16 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 2,54 874.292 
17 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 2,69 824.804 
18 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 2,85 778.117 
19 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 3,03 734.073 
20 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 3,21 692.521 
21 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 3,40 653.322 
22 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 3,60 616.342 
23 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 3,82 581.454 
24 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 4,05 548.542 
25 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 4,29 517.492 
26 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 4,55 488.200 
27 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 4,82 460.566 
28 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 5,11 434.497 
29 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 5,42 409.902 
           
20.726.137 
 
-60- 
Table A18: Cost and Benefit Analysis for Geothermy - discount rate 8% 
Year 
Investment 
Cost 
Operation 
and 
Maintenance 
Cost 
R.E.S. 
Externallity 
Sum of 
Costs 
Benefits 
from 
Selling 
Electricity 
Benefits 
from 
Avoidance 
CO2 
Lignite 
Externallity 
Sum of 
Benefits 
Benefits 
minus 
Costs 
Discount 
Factor 
Present 
Value 
0 11.680.000 640.000 0 12.320.000 1.800.000 77.010 984.000 2.861.010 -9.458.990 1,00 -9.458.990 
1 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,08 2.056.491 
2 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,17 1.904.158 
3 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,26 1.763.109 
4 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,36 1.632.509 
5 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,47 1.511.582 
6 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,59 1.399.613 
7 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,71 1.295.938 
8 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 1,85 1.199.943 
9 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 2,00 1.111.058 
10 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 2,16 1.028.757 
11 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 2,33 952.553 
12 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 2,52 881.994 
13 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 2,72 816.661 
14 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 2,94 756.167 
15 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 3,17 700.155 
16 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 3,43 648.292 
17 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 3,70 600.270 
18 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 4,00 555.806 
19 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 4,32 514.635 
20 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 4,66 476.514 
21 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 5,03 441.216 
22 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 5,44 408.534 
23 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 5,87 378.272 
24 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 6,34 350.252 
25 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 6,85 324.307 
26 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 7,40 300.284 
27 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 7,99 278.041 
28 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 8,63 257.446 
29 
 
640.000 0 640.000 1.800.000 77.010 984.000 2.861.010 2.221.010 9,32 238.375 
           
15.322.941 
 
